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Abstract 

Background: Prolong use of Smartphone leads to faulty posture causing soft-tissues adaptation and 

cervical vertebra joint dysfunction. Thus the structural change can results in reduction of the cervical 
range of motion.  
Objective: The objective of the current study is to find out whether there is a cervical extension deficit 
and its prevalence among the current young adults.  
Methodology: It is a cross-sectional study design. 436 subjects of both genders between age group 18-30 
years were included. Cervical extension range of motion and numbers of years of smartphone usage and 
neck pain were assessed and correlated.  
Results: Results showed that 167 of subjects had less than 600 extension in which 90 subjects showed 

550-590 extension deficits, 60 subjects showed 500-540 extension deficits. Finally 14 subjects had less 
than 500 cervical extension deficits.  
Conclusion: The results concluded that there is a moderate positive correlated between the numbers of 
years of Smartphone usage and cervical extension deficit with history of neck pain. 
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Introduction 

The advancements in the field of technology have judicially made work easier, so as the 

advancements of Smart phones has made communication easier. But in return the younger 

generation has very severely addicted to the use of Smartphone. Many studies reported the 

increase in usage of computers, laptops and cell phones in young population [1, 2, 3, 4]. Computer 

use is very common among undergraduate students and some epidemiological studies have 

been published with regard to its relation to onset of neck pain. Undergraduate students 
involved in prolonged computer work and with high numbers of years of computer use more 

frequently reported upper extremity symptoms [5, 6, 7, 8]. However, little is known about relations 

between computer use-related factors and onset and persistence of neck pain among 

undergraduate students. According to the World Health Organization 50% of adults experience 

neck pain during their lifetime [9, 10]. Neck pain is a common condition which most people 

experience at some point in their lives, with self-reported incidence rates ranging from 15.5 to 

213 per 1000 person years and 12-month prevalence rates around 30-50% [11, 12, 13]. Currently 

the smart phones usage is more to an extent that it has to be considered as a separate entity. A 

survey conducted by Global Digital Communication in 21 countries around the world, 

revealed that people aged 18-29 are more likely to use their mobile phones than those of 50 or 

older to access the internet on their mobile phone [1]. Theyspent many hours on texts 
messaging, social networking (facebook, twitter), chat applications (whatsapp, viber), playing 

video games, etc. as compared to voice calling [1, 2]. According to Jung-eon Mok (2014) et al; 

at the college level males have a higher addiction level to internet usage, however in terms of 

Smartphone users female addiction level was found to be higher [3, 4]. For all above mentioned 

smart phone usage activities, they have to forwardly lean their head for prolonged periods of 

time which can lead to a non-neutral neck position causing forward head position increasing 

cervical compression and stress [14, 15]. According to the analysis done by Dr. Kenneth Hansraj, 

stress on cervical spine increases up to 60 lbs during forward flexion than 10-12 lbs during 

upright position as far as the muscles in upper back and neck are concerned, because they have 

http://www.kheljournal.com/


 

~ 121 ~ 

 

International Journal of Physical Education, Sports and Health  http://www.kheljournal.com 
to work that much harder to keep the head from dropping onto 
chest [16]. Cervical muscles activity is likely to vary according 
to the load demands induced by the position of the head and 
neck [17, 18]. Prolonged flexion at the cervical spine leads to 
consequent higher activity of cervical erector spinae and 
upper trapezius muscles, with a posture in which the trunk is 
slightly inclined backward [19]. This forwarded head posture 
reduces the average length of muscle fibers and increases 
stress on the ligaments, which contributes to extensor torque 
at the atlanto-occipital joint and it is possible that this 
shortening reduces the tension – generating capabilities of 
muscles [20, 21]. A study shows that a decreased cervical range 
of motion is associated with poor sitting postures, such as 
forwarded head posture (FHP) [22, 23]. Range of motion losses 
can occur from inactivity and structural changes of the tissues 
in the cervical spine and result in an increase in connective-
tissue density, shortening of collagen tissues and muscle 
fibrosis [24, 25]. Thus it could indeed cause loss of joint play, 
tightness of neck muscles that would result in muscle 
imbalance and that in turn would aggravate the joint 
dysfunction [26, 27]. Studies on the effect of sustained force 
have indicated that a single posture should not be sustained 
for longer than one hour [28, 29]. Mc Grill and Brown have 
shown that twenty minutes in a position of sustained loading 
can induce creep in soft tissues, with recovery taking longer 
than forty minutes [30]. Sustained force produces time-
dependent deformation and adaptations in soft-tissues. Short-
duration stretching produces temporary deformation of soft 
tissues but one hour of stretching might be sufficient for long-
term soft-term adaptationsx [31]. Therefore, a long-term 
habitual posture can result in abnormal loading of ligaments 
and muscles that might ultimately contribute to a reduction in 
the cervical range of motion and to the development of neck 
pain [32, 33, 34]. 

 

Methodology  

A cross-sectional study to investigation the prevalence of 
cervical extensionrange deficit among young adults. 436 
subjects were recruited according to the selection criteria from 
The Oxford Educational Institutions, Bangalore.  
Selection Criteria:  
 

Inclusion criteria 

1. Young adults- 18 years to 30 years  
2. Both genders  
3. Subjects using Smartphone for more than 1 year.  
 

Exclusion criteria  

1. Whiplash injury  
2. Disc pathology  
3. Recent neck sprain and strain  
4. Previous cervical surgery  
5. Neurological disorder  
6. Chronic diseases of the musculoskeletal system  
7. Congenital neck condition  
 
Procedure  
Subjects were provided with a description of the 
studyandhistory of recent neck injuries, surgeries and 
congenital anomalies were excluded from the study. After 
getting consents, subjects willing to participate in the study 
were asked to fill the questionnaire titled as Questionnaire for 
Smartphone users. The questionnaire categorized the subjects 
and their Smartphone use. The subjects were made to sit on a 
chair with their back straight and hands rested on thighs. 
Knees were flexed to 90 degrees and ankles remained on the 

ground in a neutral position. The subjects were briefed about 
the procedure on how to move their head and neck. The range 
of motion was measured for cervical flexion and extension. 
Digital inclinometer was used to measure the range of motion 
of the above given movements. Three trails of each movement 
were taken and the researcher was assisted by an assistant 
who recorded the two movements of cervical range of motion. 
The measurements were taken in the following sequence: For 
cervical flexion the subjects were asked to touch their chest 
with their chin and measurement was taken. Command was 
“please try to touch your chest with your chin.” For cervical 
extension the subjects were asked to look at the ceiling as 
much as possible and measurement was taken. Command was 
“please try to look at the ceiling as much as possible.” 
 
Results  
Descriptive statistics and correlation was used to compare 
between various cervical extension deficits ranges. Results 
showed that predominant number of subjects had less than 600 
extension deficit (167 subjects) following which 90 subjects 
showed 550-590 extension deficit, 60 subjects showed 500-540 
extension deficit. Finally, 14 subjects had less than 500 
cervical extension deficits. Coming to pain conversely 
subjects having less than 500 of cervical extension were more 
in number compared to the other sub-groups. 
 

Table 1: Percentage of subjects having cervical extension deficit 
 

S. 
No. 

Extension 
ROM 

No. of 
subjects 

Percentage of 
Subjects 

1 Less than 600 167 38% 

2 Greater than 600 269 62% 

 
Table 1 reveals 38% of total subjects (167) had less than 600 
of cervical extension deficit, 21% (93) had deficit between 
550-550, while 13% (60) had deficit between 500-540 and 
3.2% (14) had less than 500 of cervical extension. 62% (269) 
shows no deficit. 
 

 
 

Graph 1: Percentage of subjects having cervical extension deficit 

 
Graph 1 reveals 38% of total subjects (167) had less than 600 
of cervical extension deficit and 62% (269) had no cervical 
extension deficit. 
 
Table 2: Percentage of subjects having cervical extension deficit less 

than 600 

 

S. No Degree of Extension less than 600 Percentage 

1 Less than 500 3.20% 

2 500-550 13% 

3 550-550 21% 

 

Table 2 reveals percentage of subjects having cervical 

extension deficit less than 600 
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Graph 2: Percentage of subjects having cervical extension deficit below 600

 

Graph 2 reveals percentage of subjects having cervical extension deficit below 600. 

 
Table 3: Mean and SD of degree of neck extension and number of years of smart phone usage 

 

S. No Degree  Mean Standard deviation 

1 Less than 60 
Degree of extension 57.54 3.34 

No. of years of SP usage 6.32 1.05 

2 550 - 590 Degree of extension 56.91 8.15 

No. of years of SP usage 6.11 0.91 

3 500 - 540 
Degree of extension 52.41 1.27 

No. of years of SP usage 6.8 1.05 

4 Less than 500 Degree of extension 47.4 2.44 

No. of years of SP usage 6.42 1.22 

 

Table 3 shows the comparison of mean and standard deviation 

of degree of cervical extension with the number of years of 

Smartphone usage. Subjects with less than 600 of cervical 

extension were found to have 54.50 + 3.34 as mean and 

standard deviation who were using Smartphone for 6.32 + 

1.05 years. Subjects in between cervical extension ROM 

between 550-590were found to have mean and standard 

deviation of 56.91 + 1.33 with Smartphone usage of 6.11 + 

0.91 as mean and standard deviation. While subjects having 
cervical extension between 500-540 had 52.41 + 1.27 as mean 

and standard deviation and 6.8 + 1.05 as mean and standard 

deviation of the numbers of Smartphone usage. And the 

subjects having cervical extension less than 500 were found to 

have 47.42 + 2.44 as mean and standard deviation who were 

using Smartphone for 6.42 + 1.22 years. 

 

 
 

Graph 4: Correlation between number of years of smart phone 

usage and neck extension deficit (<60˚) 

Table 5: Percentage of subjects with history of neck pain and 
cervical extension deficit 

 

Sr. No. Extension ROM Percentage 

1 Less than 600 34% 

2 Greater than 600 44% 

 

Table 5 shows that subjects having cervical extension deficit 

with history of neck pain. Subjects having cervical extension 

less than 600 show 34% of neck pain. 

 

 
 

Graph 5: Percentage of subjects with history of neck pain and 
cervical extension deficit 

 

Graph 5 reveals percentage of subjects with history of neck 

pain and cervical extension deficit 

 
Table 6: Percentage of subjects having history of neck pain and 

cervical extension less than 600 

 

S. No Degree of cervical extension less than 600 Percentage 

1 Less than 500 35.70% 

2 500 - 540 33.30% 

3 550 - 590 34.40% 
 

Table 6 reveals the percentage of subjects having history of 

neck pain and cervical extension less than 600 
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Graph 6: Percentage of subjects having history of neck pain and 
cervical extension less than 600 

 

Graph 6 reveals percentage of subjects having history of neck 

pain and cervical extension less than 600 

 
Discussion 

The aim of our study was to find the prevalence of cervical 

extension deficit among the smartphone users and to establish 

a correlation between the cervical extension deficit and the 

numbers of years of smartphone usage. The result shows that 

38% of the subjects have cervical extension less than 600. 

These subjects have been categorized in 3 sub-groups as mild 

cervical extension deficit between 550 – 590, moderate 

cervical extension deficit ranging between 500-540, and severe 

deficit, less than 500 of cervical extension. 21% of subjects 

have mild cervical extension deficit, 13% have moderate and 

3.2% have severe cervical extension deficit. The normal 
alignment of the cervical spine is the lordosis or concavity 

posterior. Any change in this alignment could alter the 

biomechanics of the entire spine. There can be a direct stress 

on the muscles, ligament, intravertebral disc, nerves, spinal 

cord and other structures causing further damages. Increase in 

cervical flexion or forward shift of the head leads to 

straightening of the spine as the body moves to 

counterbalance. Muscles of the upper back and neck begin to 

contract while holding the head in that position. This results 

in compression to the front of the vertebrae compressing the 

disc which starts a degenerative change to the disc and 
vertebrae. This also ultimately stresses the nervous system. 

Since holding a faulty posture i.e., forward head posture could 

lead to structural adaptation toward restricted cervical range 

of motion leading to extension deficit. The results of our 

study shows the there is no significant correlation between the 

numbers of years of smartphone usage with the cervical 

extension deficit, as statistically the p value is greater than 

0.05. This was a contradictory to a study done by Yoon-jie So 

et, al. on young adults [15]. The study found that there is a 

significant correlation between the smartphone usage and 

cervical extension range of motion. The cervical range of 

motions was measures before and after 20-minutes of 
smartphone usage session. But in our study, there was no 

smartphone usage session before measuring the cervical range 

of motion. Another study conducted on the desktop and laptop 

users shows a significant restricted range of cervical extension 

due to prolong usage of desktops and laptops for prolonged 

period of time [17]. Our study also reveals that there is 34% of 

subjects having cervical extension deficit had a history of 

neck pain. Among them, subjects having extension less than 

50 have the highest percentage of neck pain. Whereas 44% of 

the subjects had a history of neck pain having normal cervical 

extension ranges greater than 600. The result is similar with 

the above-mentioned study that continuous gazing on 

smartphone for long period of time could lead to further neck 

pain in smartphone users having pre-existing neck pain. But 

in our non-restriction group the prevalence percentage is 44% 

which is more than the restriction group. So, we believe that 

the neck pain is not associated with extension range 

restriction. But it is to do with the mobile usage. We believe 

the reason is as there is increase in muscle fatigue, thus 
damaging the muscles fibers in the long run. We considered 

in our study that it is possible that the constant use of 

smartphone in sustained flexed posture causes shortening of 

muscles. In sustained posture, individual not moving through 

a complete range of motion on a daily basis might cause 

adaptive changes in muscle length. The result of the study 

concluded that here is alarming prevalence percentage of 

subjects with cervical extension deficit.  

 

Conclusion 

The study was intended to check the prevalence of cervical 

extension deficit among the young adults due to overuse of 
Smartphone. The results shows 38% of subjects have cervical 

extension deficit less than 600, 21% subjects had deficit of 550 

– 590, 13% showed deficit between 500 – 540 and finally 3.2% 

subjects had less than 500 extension deficit. Neck pain was 

shown in 34% of subjects who have extension deficit in 

contrast to 44% of subjects who have no cervical extension 

deficit. 

 

References  

1. Pew Global Digital Communication: texting, social 

networking popular worldwide- survey report, 2011 Dec 
20. 

2. Madden M, Lenhart A, Duggar M, Cortesi S, Gasser U. 

Pew Research Internet Project. Teens and technology, 

2013. 

3. Mok, Jung-Yeon et al. Latent class analysis on internet 

and Smartphone addiction in college students. 

Neuropsychiatric disease and treatment. 2014; 10:817-

828. 

4. Roberts JA, Yaya LHP, Manolis C. The invisible 

addiction: cell-phone activities and addiction among male 

and female college students. Journal of behavioral 

addictions. 2014; 3(4):254-265. 
5. Kanchanomai S, Janwantanakul P, Jaimjarasrangsi W et 

al. Risk factors for the onset and persistence of neck pain 

in undergraduate students: 1 year prospective cohort 

study. BMC Public Health. 2011; 15(11):566. 

6. Berolo S, Wells RP, Amick IIIB. Musculoskeletal 

symptoms among hand-held device user and their 

relationship to device use: a preliminary study in a 

Canadian university population. Applied Ergonomics. 

2011; 42:371-378. 

7. Korpinen L, Paakkonen R. Physical symptoms in young 

adults and their use of different computers and mobile 
phones. JOSE. 2011; 17(4):361-371. 

8. Sharan D, Mohandoss M, Ranganathan R, Jose J. 

Musculoskeletal disorders of the upper extremities due to 

extensive usage of hand held devices. Annals of 

occupational and environmental medicine. 2014; 26:22. 

9. World Health Organization Scientific Group. The burden 

of Musculoskeletal conditions at the start of the new 

millennium. Geneva: World Health Organization, 2003. 

10. Woolf D, Anthony, Pfleger B. Burden of major 

musculoskeletal conditions. Bulletin of the World Health 

Organization. 2003; 81:646-656.  



 

~ 124 ~ 

 

International Journal of Physical Education, Sports and Health  http://www.kheljournal.com 
11. Global year against musculoskeletal pain. International 

Association for Study of Pain, 2009-2010. 

12. Goode AP, Freburger J, Carey T. Prevalence, practice 

patterns and evidence for chronic neck pain. Arthritis 

care and research. 2010; 62:1594-160. 

13. Carroll LJ, Hogg-Johnson S et al. Course and prognostic 

factores for neck pain in the general population: results of 

Bone & joint decade 2000-2010 task force on neck pain 
and its associated disorders. Spine. 2008; 33:s75-82. 

14. Lee S, Kang H, Shin G. Head flexion angle while using a 

Smartphone. Ergonomics. 2015; 58(2):220-6. 

15. So, Yoon-jie, Woo, Young-keun. Effects of Smartphone 

use on muscle fatigue and pain and cervical range of 

motion subjects with or without neck muscle pain. 

PhysTher Korea. 2014; 21(3):28-37. 

16. Hansraj KK. Assessment of stresses in the cervical spine 

caused by posture and position of the head. Surg. 

Technol. Int. 2014; 25:277-9. 

17. Yoo, won-Gyu, Duk-Hyun AN. The relationship between 

the active cervical range of motion and changes in the 
head and neck posture after continuous VDT work. 

Industrial health. 2009; 47:183-188. 

18. Edmondston SJ, Henne SE, Loh W, Ostold E. Influence 

of cranio-cervical posture on three-dimensional motion of 

the cervical spine. Man. Ther. 2005; 10:44-51. 

19. Kim Man-Sig. Influence of neck pain on cervical 

movement in the sagittal plane during Smartphone use. 

Jour physther Sci. 2015; 27:15-17. 

20. Garret TR, Youdas JW, Madson TJ. Reliability of 

measuring forward head posture in a clinical setting. J. 

orthop sports physther, 1993; 17:155-160. 
21. Saied GM, Kamel RM, Mahfauz MM. For prolong 

computer users: laptop screen position and sitting style 

cause more cervical musculoskeletal dysfunction 

compared to desktop, ergonomic evaluation. 

Anthropology. 2013; 2:1. 

22. Cho Sung-Hak, Choi Mun-Hee, Goo Bong-oh. Effects of 

Smartphone use on dynamic postural balance. Jour 

physther Sci. 2014; 26:1013-1015. 

23. Bababekova Y. Font size and viewing distance of hand-

held Smartphone. Optomvis Sci. 2011; 88(7):795-7. 

24. Banton R. Biomechanics of the spine. Journal of the 

spinal research foundation. 2012; 7:12-20. 
25. Fernandez-de-las-panas, Alonso-blanco C, Caudrado ML, 

Parya JA. Forward head posture and neck mobility in 

chronic tension-type headache: a blinded, controlled 

study. Cephalgia. 2006; 26:314-9. 

26. Szeto GPY et al. A field comparison of neck and 

shoulder postures in symptomatic and asymptomatic 

office workers. Applied Ergonomics 2002; 33: 75-84. 

27. Staker L et al. A comparison of the postures assumed 

when using laptop computers and desktop computers. 

Applied Ergonomics. 1997; 28:263-268. 

28. Banton R. Biomechanics of the spine. Journal of the 
spinal research foundation. 2012; 7:12-20. 

29. Clinical biomechanics of the spine. Second edition White 

and Panjabi, 1990. 

30. McGrill SM, Brown S. Creep response of the lumbar 

spine to prolonged full flexion. Cln. Biomech. 1992; 

7:43-6. 

31. Kang Jong-ho et al. the effects of the forward head 

posture on postural balance in long time computer-based 

worker. Annals of rehabilitation medicine. 2012; 36:98-

104. 

32. Light KE, Nuzi KS, Personius W, Barstrom A. Low-load 

prolonged stretch vs. high-load brief stretch in treating 

knee contracture. Physther. 1984; 64:330-3. 

33. Lee Mi-Young, Lee Hae-Yong, Yong Min-Sak. 

Characteristics of cervical position sense in subjects with 

forward head posture. Journal of physical therapy 

science. 2014; 26:1741-1743. 

34. Lee Jeon Hyeong and SeoKyoChul. The comparison of 

cervical repositioning errors: according to Smartphone 
addiction grades. Jour physther Sci. 2014; 26:595-598. 


